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BIODEGRADABLE SHEET 
AND METHOD OF MANUFACTURE OF SAME 

CROS S -REFERENCE TO RELATED APPLICATION 
5 This Application claims the benefit of prior filed and co-pending U.S. 

Provisional Application Serial No. 60/013,437, entitled "BIODEGRADABLE SHEET 
AND METHOD OF MANUFACTURE OF SAME", filed March 15, 1996 (Docket 
No. 27798-3 1L, Inventors: JohnNevling and Orville Spence). 

1 0 TECHNICAL FIELD 

The present invention relates to biodegradable materials and methods for 
manufacture of same, and more specifically, to a biodegradable material capable of 
being formed into a thin sheet and method for producing the same. 

1 5 BACKGROUND OF THE INVENTION 

Many types of biodegradable materials are known in the art. One of the more 
common and commercially successful biodegradable materials are comprised of starch- 
based compounds. Typically, these compounds are comprised of one or more modified 
high-amylose starch components. Dyes and other additives can be used to impart 

20 desired characteristics such as color and texture, for example. High amylose starches 
are used to impart resilience and compressibility to the material. The addition of 
polyvinyl alcohol ("P VA") is also known to increase the flexibility of starch-based 
biodegradable materials. 

Starch is a polysaccharide typically comprising a mixture of about 20-25% 
15 amylose and about 75-80% amylopectin which is organized into compact granular 
structures. Amylose is a linear polymer of D-anhydroglucose units which are linked by 
alpha- 1,4-D-ghicosidic bonds. High-amylose starch is starch containing at least 45% 
by weight amylose content. Modified starch is starch derivatized or modified by 
processes known in the art, such as etherification with alkylene oxide. 
K> Starch-based biodegradable materials are typically produced by mixing one or 

more components to form a material. Subsequently, the material is extruded and then 
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cut, milled, shredded or otherwise formed into one or more shapes and/or sizes. While 
traditional die extruders are typically used, heretofore it has been difficult to extrude 
the biodegradable material to a form less than 1/8" in thickness. Thus, the uses for 
starch-based biodegradable materials have been limited by this lower limit size 
restriction. For example, thin sheets of starch-based biodegradable materials of less 
than about 1/8" in thickness have not been available. Sheets of biodegradable materi ->ls 
would have a myriad of uses. For example, paper products such as writing paper and 
stationary could be formed of a biodegradable material and used for the communication 
of sensitive or confidential information. Once the information printed on the sheet was 
utilized, the sheet could be brought into contact with a sufficient amount of moisture 
(water, urine, saliva, etc.) to dissolve the paper into its constituent components, 
permanently and completely disposing of the information printed on the sheet. Many 
other examples of uses for a biodegradable thin sheet exist 

Thus, the background of starch-based biodegradable materials does not suggest 
that such starch-based materials can be shaped to form a thin sheet of useful thickness 
as paper or like product and a need remains for a biodegradable material capable of 
existing in a thin sheet form, such sheet capable of use as any other sheet of material. 

SUMMARY OF THE INVENTION 

The present invention provides a starch-based biodegradable material capable 
of bring formed into a thin sheet of thicknesses of less than 1/8", preferably less than 
1/16" and particularly between 1/32" and 1/64". Sheets having thicknesses as small as 
1/200" can be produced. A sheet of biodegradable material capable of existing at these 
thicknesses and a method for the production of the same was discovered by the 
inventors of the present invention in the classical context of an unintended result of 
experimentation. The inventors of the present invention were experimenting with 
the introduction of certain additives to a starch-based biodegradable material to 
improve the flexibility of the material when its was discovered that the addition of a 
certain concentration of polyvinyl alcohol ("PV A") causes the resultant starch-based 
material to extrude in a manner which forms a sheet of the material of thickness of 
between 1/32" and 1/64". The inventors replicated the experiment several times and 
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each time produced the thin sheet of biodegradable material. Immediately recognizing 
at least one application for such a sheet material, the inventors cut a section of the thin 
sheet biodegradable material having the approximate dimensions of 8 Vi" x 11", the 
size of a standard sheet of paper. The sheet was then fed through a standard printer 
5 and the resultant printed sheet appeared virtually identical to a standard piece of bond 
paper. The sheet received the ink and accepted both colors and black type. The 
flexibility of the sheet approximates that of standard writing paper. 

As with other paper products, the resultant sheet material can be colored using 
dyes, if desired. Unlike other paper products, however, the biodegradable sheet of the 

10 present invention can be easily disposed of in a manner which is easy, inexpensive, 
permanent and environmentally safe. Indeed, while not recommended, especially if no- 
food grade dyes or other additives are present, the sheet could be disposed of by being 
consumed by a human. This feature is particularly useful, for example, in children's 
books where accidental consumption of the pages of the book would not be harmful 

15 to a child. 

Printing on and handling of the sheet material has been tested and the sheet 
material has been found to behave much like traditional bond or fiber paper in that it 
is flexible, readily accepts inks, does not smear or require abnormal drying times, and 
is durable. The sheet material is formed from a renewable source, however, and, unlike 
20 traditional bond or fiber papers, is easily dissolved into its constituent components upon 
prolonged exposure to moisture and is environmentally safe. 

BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of the present invention and the advantages 
25 thereof reference is now made to the following description taken in conjunction with 
the accompanying drawing in which: 

FIGURE 1 is a flowchart illustrating the steps of the method of manufacturing 
the biodegradable sheet material of the present invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

Referring to FIGURE 1, there is shown the steps of the method of 
manufacturing the biodegradable sheet material of the present invention. 

5 The process preferably includes the use of a continuous extrusion process using 

extruders known in the art. In a preferred embodiment, an intermeshing, self-wiping, 
co-rotating, twin screw extruder is utilized in the process. Since the advantageous 
physical properties of the biodegradable sheet material of the present invention depend 
in part upon proper and complete mixing of the raw components, exact feeding, mixing, 

10 heating and cooling within the process is important to the process. Although an 
intermeshing, self-wiping, co-rotating, twin screw extruder is described, it should be 
noted that any appropriate type of extruder, such as a single screw type extruder for 

plastic, can be utilized. 

First, if color is desired, food grade dyes and/or colors are provided in 

1 5 preferable amounts ofbetween 0.01% and 2% in step 1 0. Food grade dyes are selected 
since the resultant sheet material is biodegradable, although other dyes could be used, 
if desired. In the event color is added, the percentage amounts of the additional 
components are adjusted accordingly. In step 20, from between 0% and 20% of 
modified or unmodified starch is provided. Next, high amylose modified starch is 

20 provided in a range of between 60% - 90% by weight in step 30. The foregoing 
components are preferably provided in their dry form. The starch may be modified or 
derivatized via processes well known in the art, including without limitation, 
etherification, esterification, oxidation, acid hydrolysis and crosslinking. Etherification 
with up to 1 5% by weight of alkylene oxide containing 2 to 6 carbon atoms is a 

25 preferred modification technique. The modified starch is preferably a high-amylose 
starch of approximately 70% amylose content modified with propylene oxide 

In step 40, from between 8 % and 20% by weight, and preferably between 1 0% 
and 15% of polyvinyl alcohol is provided as a component. Although a biodegradable 
material capable of being formed into a sheet is produced throughout the range of PVA 

30 listed above, the optimum percentage observed is between 12% and 12.5%. Any 
polyvinyl alcohol may be used, with the hydrolyzed or substantially hydrolyzed 
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polyvinyl alcohols being preferred. A substantially hydrolyzed PVA, for example, 
Airvol 325™ by Air Products and Chemicals, Inc. of Irving, Texas, is used. Airvol 
325™ is folly hydrolyzed (98.0%-98.8%) and has a viscosity of 28.0 - 32.0 cps ( a 4% 
aqueous solution at 20°C) and a pH of between 5.0 - 7.0. 

In the next step of the process, step 50, the components are mixed in the 
extruder along with water. The total moisture content of the starch in the extruder may 
be 25% or less by weight based upon the dry weight of the starch, and preferably 
between about 10% to 21% by weight. Total moisture content includes both residual 
moisture of the starch and water fed to the extruder. Typically, starch contains about 
9% to 12% residual moisture. The resultant mixture is then heated to a temperature 
of between about 88°C (190°F) and 250°C (482° F), preferably between about 100'C 
(212°F) and 205°C (400»F) within the extruder while being conveyed, kneaded, 
sheared and extruded using a die as in step 60. Much of the heat is provided by 
pressure exerted on the material by the extruder during these steps. These steps are 
preferably performed by a continuous process extruder, but could be achieved 
manually, if desired. Due to the unique formulation of the biodegradable material, the 
extrudate balloons out of the die, forming the thin sheet size of the biodegradable 
material of less than 1/8". 

In step 70, the extrudate is optionally cut or slit and pressed to a desired size(s) 
and shape(s) and allowed to cool. These step of the process can likewise be 
accomplished by one or more of any means known within the art. 

Although the modified high-amylose material exhibits good expansion 
characteristics, unmodified or modified starches with lower amylose concentrations can 
be added (in approximately 0-20% levels) to aid in the expansion characteristics of the 
material. Mgh-amylose starches are used to impart resilience and compressibility to the 
biodegradable material. Flexibility and other properties, if desired, can also be achieved 
through additives. Preferably, the material has a specific density of from approximately 
0.5 to 40 lbs/ft 3 , and more particularly, from about 0.5 to 20 lbs/ft 3 . 

Once formed according to the present invention method, the biodegradable 
30 sheet material can be used in a number of ways. 
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Importantly, the biodegradable sheet material of the present invention can be 
used without prior planning and concern of clean up once its disposal is desired. The 
water-soluble biodegradable sheet material dissolves upon contact with water, thereby 
making clean up a simple process of bringing water into contact with the sheet material. 

Although preferred embodiments of the invention have been illustrated in the 
accompanying drawing and described in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the embodiments disclosed, but is 
capable of numerous rearrangements and modifications of parts and elements without 
departing from the spirit of the invention. 
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WHAT IS CLAIMED IS: 
1. A biodegradable sheet, comprising: 
a high amylose starch component; 

from about 8% to 20% by weight of polyvinyl alcohol; and 
said sheet having a thickness of less than 1/8". 

2. The biodegradable sheet of Claim 1, wherein the amylose starch 
component contains at least 45% by weight amylose. 

3. The biodegradable sheet of Claim 2, wherein the amylose component 
is further modified with up to 15% by weight of alkylene oxide containing from 
between 2 and 6 carbon atoms. 

4. The biodegradable sheet of Claim 2, wherein the amylose component 
is further modified with from about 10% to 15% by weight of polyvinyl alcohol. 

5. The biodegradable sheet of Claim 4, wherein the starch component 
contains at least 70% by weight amylose. 

6. The biodegradable sheet of Claim 2, wherein the starch component is 
modified with propylene oxide. 

7. The biodegradable sheet of Claim 4, wherein the polyvinyl alcohol is 
hydrolyzed or substantially hydrolyzed. 

8. The biodegradable sheet of Claim 1, wherein the sheet comprises from 
about 60% to 90% by weight of the starch component. 



9. A biodegradable sheet, comprising: 
a high amylose starch component; 
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from about 8% to 20% by weight of polyvinyl alcohol; 
said sheet having a thickness of less than 1/8"; and 
said sheet being printable. 

10. The biodegradable sheet of Claim 9, wherein the sheet is printed with 



ink. 



1 1 The biodegradable sheet of Claim 9, wherein the starch component 
contains at least 45% by weight amylose. 

12. The biodegradable sheet of Claim 1 1 , wherein said starch component 
is further modified with up to 15% by weight of alkylene oxide containing 2 to 6 
carbons. 

j 5 13 . The biodegradable sheet of Claim 9, wherein the starch component 

contains at least 70% by weight amylose. 

14. The biodegradable sheet of Claim 13, wherein the starch component is 
further modified with propylene oxide. 



15. The biodegradable sheet of Claim 1 4, wherein the starch component is 
further modified with from about 10% to 15% by weight of polyvinyl alcohol. 



16. A method for forming a biodegradable sheet having a thickness of less 
than about 1/8", comprising the steps of extruding a composition comprising a high 
amylose component and from about 8% to 20% by weight of polyvinyl alcohol in the 
presence of a total moisture content of from about 25% or less by weight and at a 
temperature of from about 88°C to 250° C. 



30 



1 7 The method of Claim 1 6, wherein the starch component contains at 
about 45% by weight amylose. 
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18. The method of Claim 17, wherein the starch component is further 
modified with up to about 15% by weight of alkylene oxide containing from 2 to 6 
carbon atoms. 



19. The method of Claim 17, wherein the starch component is further 
modified with from about 10% to 15% by weight of polyvinyl alcohol. 



10 



20. The method of Claim 1 6, wherein the starch contains at least 70% by 
weight amylose and is further modified with propylene oxide. 



* 
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Step 10 - providing from between 0.01%-2% 
of a food grade dye or color component 



Step 20 - providing from between 0%-20% of 
a modified or unmodified starch component 



Step 30 - providing from between 60%-90% 
of a high amylose modified starch component 



Step 40 - providing from between 10% and 
20% of a polyvinyl alcohol 



Step 50 - mixing and heating the components 
to form a biodegradable material 



Step 60 - the material is heated and then 
extruded 



Step 70 - the material is cooled and then cut 
or otherwise formed into the desired size 



FIGURE 1 
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